full physical spectrum of the theory.
For simplicity, we can assume that all 9 transverse dimensions are compactified with radii R i . Then the Lagrangian would contain the terms
as well as other possible higher-order terms. As usual,
and summation over all indices is assumed. A 0 implements the gauge invariance
In the uncompactified limit R i → ∞ the usual hermitian matrix model is recovered
The above model in the low-energy limit describes the motion of D-particles on the compact space. The potential is minimized when the U i commute; their eigenvalues are phases exp(iφ i ), and R i φ i correspond to the coordinates of the Dparticles on the spatial torus. It is easy to see that the kinetic term plus the gauge constraint for θ = 0 imply free motion for the φ i .
It is important that the present model can describe membranes wrapped around any two-torus in space even at finite N. In [1] such membrane solutions were identified, but the corresponding charges (winding numbers) were activated only at the infinite-N limit and were zero for any finite N. The construction is along similar lines as in [4, [22] [23] [24] . The difference is that, now, the classical membrane coordinates are represented as U i (q, p) = exp(iX i (q, p)/R i ), where q, p are coordinates on the light-cone spatial world sheet of the membrane. U i are periodic in q, p while X i need not be. The membrane action is
while the wrapping number of the membrane is
Note that this would be zero if periodic X i were used. Since U i is periodic in p, q,
its Fourier decomposition will be
where the coefficients U i,nm will be constrained by the fact that U i is a phase. For a smooth imbedding only the lowest several Fourier modes will be appreciable, so we can truncate the series to the lowest N × N coefficients (or, rather, periodically repete them beyond, which gives a discrete version of the membrane consisting of N × N points). From this, a corresponding matrix can be created
where U and V are the fundamental "quantum torus" coordinates, that is, N × N unitary matrices obeying UV = exp(i2π/N)V U. In general, U i will not be exactly unitary and a particular "normal ordering" will be required to unitarize it. (The same is true for the standard construction in terms of hermitian matrices.) This will modify the coefficients in (6) by terms of orden 1/N. Expressions (3) and (4) for the membrane action and wrapping number are reproduced in the large-N limit as the real and imaginary part of the trace
This is exactly what appears as the potential term in the matrix model, which thus reproduces the membrane action. A stretched wrapping membrane will have U i (q, p) = exp(in i q + im i p) and thus corresponds to U i = U ni V mi . For such matrices we get
where W = n i × n j = n i m j − n j m i is the wrapping number. Therefore a better definition of the wrapping number would be the Z N -phase of the SU(N) matrix
Clearly the wrapping is well-defined only when the matrix
has eigenvalues which are well-localized on the circle (their spread is, say, less than π). Also, it is defined modulo N. Both properties are relevant to the discretized finite-N description. Note, further, that we can construct many-membrane states, and thus reconstruct the full membrane Fock space in the large-N limit. For instance, the matrices 
For a static solution with θ = 0 the above transformation will preserve half the
j is proportional to the identity, so that the dynamical part can be cancelled by the kinematical one [18] . This reproduces the stretched membrane solutions found earlier.
It can be checked, though, that the above is not an exact symmetry of the model. In principle, we could start with the bosonic part of the lagrangian and modes. Even then, the implication is that these remaining degrees of freedom are enough in the large-N limit to describe the full spectrum of M theory. In fact, it has been suggested in [25] that supersymmetry may fix the potential ordering ambiguities in the matrix model that would describe D-brane motion on curved spaces (see also [26] ). If the conjecture of the present note is correct, then, the Mtheory matrix model for curved spaces would contain unitary matrices for spaces of nontrivial connectivity, with the form of the action fixed by supersymmetry. This, and other consistency checks on the model, remain issues for investigation.
